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At the time of recovery from experimental canine lobar pneumonia 
there occurs a  characteristic  change in the fixed tissue cells of the 
infected lung which we have designated as the macrophage reaction. 
Certain aspects of this cellular transformation have led to the suppo- 
sition that it is intimately associated with the mechanism of recovery; 
namely, the regularity of its occurrence, the progressive diminution 
in  numbers  of  pneumococci accompanying  its  evolution  and  the 
constant ensuing resolution of the pneumonic  lesion (1, 2).  However, 
the  cellular  change is  not  confined to  the  lung lesions of  animals 
recovering from the experimental disease.  Just  as  in the study of 
the postmortem lungs of patients dying of lobar pneumonia (3)  we 
have frequently found a  well developed macrophage response in the 
pneumonic lesions of dogs which succumbed to the infection.  Does 
this mean that the process of recovery may be initiated in fatal cases 
but does not become sufficiently widespread to terminate the infec- 
tion, or are there other unknown factors which play the decisive r61e in 
bringing about recovery? 
In an attempt to gain more insight into the significance of the macro- 
phage reaction a histological study has been made of the pulmonary 
lesions of 65  dogs dying spontaneously or killed at various stages of 
the experimental disease. 
Materials and Methods 
The details of the technique of producing  experimental  lobar pneumonia in the 
dog have been described  previously (4).  The dosage varied from 0.001 cc. to 1.0 
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cc. of culture  of pneumococcus  Type I.  In most instances  x-rays,  white  blood 
counts and blood cultures were made daily until death.  Autopsies were performed 
as quickly as possible after death, in many instances, immediately after the animal 
had expired.  The postmortem examination  included  the heart  and abdominal 
organs and in those cases showing a  bacteremia  without  obvious  complications 
the brain case was opened.  Numerous large sections were taken from the various 
lobes involved and were fixed for the most part in 5 per cent acetic acid-Zenker 
solution but also in Zenker-formol for a period of 10 hours.  They were stained 
with the Wallace modification of Gram-Weigert's  stain (5), and also with hema- 
toxylin-eosin-azure  II.  In a  number of instances  including  all  those in  which 
whole lobes were sectioned, the vessels of the lungs were filled by Loosli's method 
(6) of clamping the aorta and running  fixing fluid, usually Zenker-formol, imme- 
diately down the trachea.  In this manner the capillaries are normally distended 
by the blood cells and the free exudate  cells fixed before they have had time to 
round up.  Practically instantaneous  death with a  minimum  of circulatory dis- 
turbance was produced by the rapid intravenous  injection  of 500 to 600 mg. of 
nembutal. 
For the purposes of comparison the varying degrees of the macrophage reaction 
were divided roughly into three categories and designated in terms of +  to + 4- 4-. 
A beginning reaction,  termed -{-, was characterized  by an irregular  thickening  of 
the alveolar septa with the great majority of the macrophages still attached to the 
walls.  In a moderately advanced reaction,  4- -b, many of the macrophages  were 
free in the exudate  but the polymorphonuclear  leucocytes were still the predomi- 
nant cell type.  In a  -k-k +  reaction  the intra-alveolar  exudate  was principally 
macrophagic in composition and accompanied by clearing of the air spaces.  These 
several stages are shown in Figs. I to 3.  A fourth category,  4-, has been employed 
to indicate the slightest detectable evidence of a beginning reaction.  This consists 
in the presence of occasional alveolar  septa containing  more large mononuclear 
cells than are normally observed. 
It  should  be  pointed  out  that  the  present  study  deals  primarily 
with changes in the fixed tissue cells of the pulmonary tissues leading 
to the liberation of alveolar macrophages.  Evidence that this is not 
the only source of macrophages occurring in the pneumonic exudate 
will  be  presented  in  a  forthcoming  communication  by  one  of  the 
authors. 
The Macrophage Reaction  in Animals Sacrificed during or Immediately 
after Recovery 
Six dogs were sacrificed during  or shortly after recovery (Table  I).  Two of 0.  If.  ROBERTSON  AND  CLAYTON  G.  LOOSLI  577 
these, 90N and SOB, were killed before the recovery process was completed.  Their 
temperatures  had reached  normal but the pulse rates were still elevated.  Dog 
90N had an unusually brief disease, recovery beginning at 36 hours.  A beginning 
to moderately advanced macrophage  reaction  (Figs.  1 and 2)  was found to be 
present in parts of each of the two lobes involved.  In the older lesion, right lower 
lobe, very few pneumococci could be detected  and these were all intracellular  and 
undergoing  digestion  principally  within  the  macrophages.  In  the  younger 
metastatic lesion of the right middle lobe, microorganisms were present  more fre- 
quently but chiefly within the phagocyting cells.  However, there were some areas 
of edema in this lesion which showed great numbers of free pneumococci, indicating 
that  the infection  was not yet completely  terminated.  Pneumococci  were uni- 
formly found to be more numerous in areas showing a polymorphonuclear  cellular 
exudate than in regions where the macrophages were being mobilized. 
The process of healing had apparently reached a more advanced stage in dog 
50B killed at 48 hours, since pneumococci were rarely detected  in the lesions and 
these were seen to be in the phagocyting cells.  Cultures of the lesions were sterile. 
This animal showed a more generalized macrophage reaction than did 90N. 
One animal, 73R, was sacrificed approximately  at the time clinical recovery was 
complete on the 77th  hour after infection  when the temperature and pulse had 
reached normal.  Both the involved lobes showed a fairly generalized macrophage 
reaction,  beginning  to  moderately advanced  in  degree.  In  the  areas  showing 
macrophages,  intact pneumococci were infrequently  seen but in the other regions 
characterized  by a  polymorphonuclear  exudate,  microorganisms  were present  in 
moderate numbers  and all  intracellular.  Cultures  of the lesions yielded  pneu- 
mococci from the right lower (initial lesion) but none from the right middle lobe. 
Two dogs, Nos.  94Q and 35B, were killed within a few hours  after recovery. 
As shown on the table,  only a rare intracellular  pneumococcus was detectable  in 
the lesions of 94Q and none were seen in those of 35B.  However, cultures of the 
latter lesions yielded  a growth of pneumococci.  On the other hand, cultures  of 
the lung, bronchi and trachea of dog 94Q were sterile.  Both dogs showed a fairly 
generalized macrophage reaction in the lung lesions. 
Dog 91N, having survived an attack of the experimental disease lasting 5 days, 
was killed 24 hours after recovery.  All three diseased lobes, including the right 
upper which became  involved  3 days later  than  the other two,  showed a  pro- 
nounced macrophage reaction  accompanied by beginning resolution  (Fig. 3).  No 
pneumococci were found in the lesions either by microscopical examination  or by 
culture. 
In summary, dogs killed at the time of recovery from experimental 
pneumonia all showed the presence of a  macrophage reaction in  the 
lung lesions.  This was more pronounced in degree in the animals with 
the longer disease  course or in  those sacrificed after  the  termination '.sa 
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of  clinical  recovery.  Pneumococci  were  found  in  relatively  small 
numbers in  the lesions.  They were more frequent where  the poly- 
morphonuclears  predominated  and  less  numerous  or  absent  in  the 
areas of macrophage reaction.  The macrophages were observed to be 
actively phagocytic and apparently possessed greater powers of diges- 
tion than did the polymorphonuclear leucocytes since in many lesions 
the only intact pneumococci were found within the latter cells.  The 
lung lesions were sterile within 24 hours after recovery.  This finding 
has been corroborated in other animals not listed in the table. 
Lung Findings at Sacrifice during the Course of the Disease 
With a  view to determining the stage in the disease  at which  the 
macrophage reaction first appeared and the conditions of the infection 
which  might  influence  its  occurrence,  eight  animals  were  killed  at 
varying periods after the inception of experimental lobar pneumonia 
while still febrile.  In five of these the prognosis was considered good 
in view of the fact that at the time of death the blood was sterile, the 
white blood count elevated and the pulmonary lesion of limited extent. 
In three dogs the prognosis was doubtful or definitely unfavorable as 
indicated by leucopenia or bacteremia or both. 
In the dogs with a good prognosis a beginning reaction of the macrophages was 
detected as early as 24 hours after the inception of the infection (Table II).  Al- 
though this was slight  and focal in character it was associated  with the typical 
changes in the number and distribution of the pneumococci already described.  A 
dog, No. 13R, sacrificed at 39 hours showed a similar picture.  In the lesion of a 
third animal, 63N, killed at 48 hours, a greater proportion of the pneumococci was 
intracellular than was the case with the earlier lesions, although the total number 
of microorganisms appeared to be about the same.  The 4 day old lesion of dog 9S 
showed much more pronounced changes in the cellular exudate.  In parts of the 
initial lesion (right lower lobe) a well developed macrophage reaction was present, 
associated with beginning resolution.  On the other hand, the younger metastatic 
lesion of the right upper lobe exhibited only a focal beginning macrophage response. 
Pneumococci  were plentiful in this lobe, many of them free in the edema fluid. 
In the initial lesion they were much less abundant and almost all intracellular. 
By the 6th day the changes in the cellular and pneumococcal distribution were even 
more pronounced.  The two older lobe lesions (right lower and right middle)  of 
dog 79R showed a marked macrophage reaction and resolution.  No pneumococci 
other  than  fragmentary forms  principally  within  the  roacrophages  could  be 
detected.  Cultures of these lobes were sterile.  In the younger lesion of the right O.  H.  ROBERTSON AND  CLAYTON G.  LOOSLI  581 
upper lobe the macrophage response  was  irregularly distributed;  however, no 
pneumococci could be found even in the polymorphonuclear exudate, but cultures 
yielded pneumococci.  It would seem that the activity of the pathological process 
had practically ceased although the animal was still febrile.  It will be noted that 
this was  the only one of the four animals  tested whose serum showed  even a 
minimal degree of mouse protective action at the time of death. 
The three dogs with a dubious or unfavorable prognosis were sacrificed at 24, 
48 and 72 hours respectively.  The 24 hour lesion of dog 59N (outlook dubious) 
showed no evidence of a macrophage response.  Pneumococci were abundant in 
the inflammatory exudate, both intra- and extracellular.  However, in dog 14D, 
killed at 48 hours, there was a beginning focal macrophage reaction.  Pneumococci 
were less abundant than in the lesion of 59N.  Dog 65R, the only one of the three 
with  an unquestionably bad prognosis  (overwhelming  bacteremia) yielded the 
most unexpected findings in the lungs.  All three lobes involved showed a general- 
ized macrophage reaction and the absence of pneumococci except for intracellular 
fragmenting forms.  It would appear that the lung infection in this animal had 
been brought under control despite the rapidly increasing bacteremia.  This find- 
ing will be discussed further in connection with those of certain dogs dying late 
in the course of the disease. 
A comparison of the pulmonary lesions secured from dogs exhibiting 
a  favorable prognosis with those of animals in which the outlook was 
dubious  or  definitely  unfavorable  for recovery failed  to  reveal  any 
important difference between the two groups except in respect to the 
time at which the macrophage reaction first appeared.  The finding 
of a beginning focal reaction in the 24 hour lesion of the dog probably 
destined to recover, in contrast to the absence of such a change in the 
lesion of equal age in a dog with doubtful prognosis may be of signifi- 
cance  in  relation  to  ultimate  recovery as  indicated  by  the  data  in 
Table  III.  However,  the  fact  that  the  development of conditions 
unfavorable  to  recovery  from  the  infection  does  not  suppress  the 
occurrence of the macrophage reaction at a later period suggests that 
the time of its appearance may be only one of the factors in deter- 
mining the outcome. 
Mouse Protective Action of Serum 
The mouse protective action of the serum was tested in the seven 
dogs killed before or on the day of recovery.  In only one instance, o 
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dog 79R, Table II, was this property found to be present and that was 
of  a  minimal  degree. I  The  serum  of  the  other  animal,  No.  91N, 
showed  mouse  protection  on  the  day  following  recovery.  These 
findings  are  in  harmony  with  previous  observations,  namely,  that 
specific acquired humoral immunity is uncommonly detectable at the 
time of recovery from experimental pneumococcus pneumonia in the 
dog. 
The Distribution  of the Macrophage Reaction 
Consecutive  sections  of a  whole  lobe  were  made  of  the  lesions  in 
five dogs killed at periods from 24 hours to 50 hours after the inception 
of the infection in order to determine the distribution  of this cellular 
reaction. 
With the exception of dog 94Q (Table I) killed at 48 hours, just after recovery, 
the macrophage reaction was found to be present only in certain parts of the lobe. 
In this animal the reaction was in its beginning stages, largely focal in character 
but distributed throughout the lesion.  It was most marked in the area where the 
infection was initiated, which was also true in four other dogs.  Of the two animals 
sacrificed  at 24 hours, one (95Q, Table II) with a favorable prognosis  exhibited 
two areas of beginning macrophage response,  2  to 3  cm. in diameter.  One  of 
these was in the area of inoculation, the other at the base.  The other 24 hour dog, 
with a dubious prognosis  (white blood count of 1350 at the hour of death and the 
whole  right lung involved) showed  only a  small focus  of beginning macrophage 
response at  the original site of infection.  Pneumococci were present in much 
greater numbers in this lesion than in that of the 24 hour dog probably destined 
to recover.  In one animal sacrificed at 40 hours during the stage of active infec- 
tion  but  with  a  good prognosis,  the macrophage reaction was  confined  to the 
distal  third  of the lobe.  The fifth dog autopsied just after death  at  50 hours 
showed a fairly well distributed beginning focal reaction in the distal fourth of 
the lobe and a number of small isolated areas scattered throughout the basal and 
posterior parts of the lesion. 
It is evident from these findings that the macrophage reaction in its 
inception is by no means uniformly distributed throughout the pulmo- 
nary  lesion  but  is  characterized  initially  by numerous  more  or  less 
isolated foci which coalesce and spread to form larger areas of the char- 
acteristic cellular change.  The relationship between age of lesion and 
i Most of the tests were run to 10  -8 of the standard suspension,  which  when 
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appearance of the macrophage reaction is further borne out by the 
autopsy studies on dogs surviving for a number of days, namely, that 
the most advanced reactions were found in the older lesions. 
Lung Findings in Animals Dying within 24 to 50 Hours 
Examination of the lung lesions of eight dogs dying from 21 to 29 
hours of a fulminating pneumonia failed to reveal the presence of a 
macrophage reaction in any of them.  The pulmonary process was 
usually widespread, involving both halves of the lung and sometimes 
occupied all six lobes of the dog's lung.  The lesions were principally 
of the irregular diffuse type with large areas of edema and often a 
relatively  scanty  cellular  exudate.  Pneumococci were  present  in 
large numbers, sometimes growing in masses and were for the  most 
part extracellular.  In several instances a moderate degree of phago- 
cytosis was observed. 
The  first  indications  of  a  beginning  macrophage  reaction  were 
observed in three of the ten dogs dying at about 36 hours.  It was 
very slight  and focal in  character (Table III).  Pneumococci were 
abundant throughout the inflammatory process, more numerous in 
the younger lesions  than in the older  ones.  In most of the initial 
lesions  well  marked phagocytosis by  the  polymorphonuclears was 
observed  and  sometimes  evidence of  slight  intracellular  digestion 
could be detected.  The only conspicuous difference  between the dogs 
showing the incipient macrophage response and those not showing it 
was the lesser degree of bacteremia in the former animals. 
It was not until the survival time was more than 40 hours that a well 
defined macrophage response was observed.  While the reaction was 
focal and usually quite limited in extent, it was detectable in the initial 
lesions  of all nine animals dying between 41  and 50 hours after the 
inception of their pneumonia (Table III).  Pneumococci were con- 
stanfly fewer in  numbers in  the  areas of macrophage proliferation 
where these  cells  showed active phagocytosis and  digestion of  the 
engulfed organisms.  On the other hand, while phagocytosis by the 
polymorphonuclear  leucocytes  was often active, intraceUular digestion 
was slight in degree or absent.  In no instance did the area of macro- O.  H.  ROBERTSON  AND  CLAYTON  G.  LOOSLI  587 
phage reaction comprise more than a very small percentage of the total 
inflammatory  lesion. 
Lung Findings in Animals Dying within 3 to 7 Days 
By the 3rd day a wider distribution  of the macrophage reaction was 
observed.  Of the six animals dying at this time only one, 6M (Table 
IV) failed to exhibit this cellular change. 2  The detailed findings in two 
of the dogs are given in Table IV.  The most striking  changes were 
shown by dog 87Q in which a  bilateral empyema was present.  The 
single lobe involved exhibited a fairly generalized beginning to moder- 
ately  developed macrophage  response  and  only  a  few  intracellular 
pneumococci  despite  the  presence  of  an  overwhelming  bacteremia. 
With the exception of dog 6M, whose blood remained  sterile,  a  pro- 
nounced bacteremia was present in every instance. 
Dogs surviving until  the 4th day exhibited not only a  more wide- 
spread but a more pronounced development of the macrophage reac- 
tion than was observed at earlier periods.  A  single instance of this 
stage  is listed  in  the  table  as  representative  of the  findings  in  the 
group.  While the macrophage response was present in one or more of 
the involved lobes there were always certain  lesions or areas in  the 
lesions where free pneumococci were observable in areas in which the 
polymorphonuclear leucocytes constituted the predominant cell of the 
alveolar exudate.  As at the 3rd day stage a  marked blood invasion 
was present in all instances at the time of death. 
By the 5th day empyema was much more commonly present.  Four 
of the five dogs dying at this time showed a bilateral purulent pleural 
exudate.  The  most notable finding in  the group of four dogs with 
empyema is the marked development of the macrophage response in 
many of the lobe lesions, together with beginning resolution and the 
diminution or disappearance of pneumococci from these areas despite 
2 This dog had recovered from a number of previous infections, the last one 
several months earlier.  On the basis of previous observations in dogs with recur- 
rent infections, one would have expected to find a pronounced early macrophage 
response in this  animal.  Another  dog receiving this  very large infecting dose, 
lethal  in 85 per cent of normal dogs, died on the 3rd day and exhibited a focal 
though slight macrophage reaction in two of the five lobe lesions. b,,, 
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the presence of bacteremia.  Another unexpected finding was that in 
the single dog,  29R,  (Table IV), without complications and a  sterile 
blood at autopsy, the macrophage reaction was slight,  focal and seen 
only in  the  initial  lesion.  However, pneumococci were present in 
much greater numbers in the lesions  of this animal than they were in 
those of the dogs dying with empyema and bacteremia.  This animal 
was found to have a number of small abscesses in the right upper lobe. 
Of the five dogs dying on the 6th day, three showed bilateral em- 
pyema.  The findings in these animals were essentially the same as in 
the dogs dying on the 5th day.  They all showed a moderately to well 
developed macrophage  reaction  in  some  of  the  lobe  lesions.  An 
example of this stage is shown in the table, No. 28R.  All five of the 
dogs had an extreme degree of bacteremia at death. 
Of  the  two dogs dying on  the  7th  day of the disease one, 24L, 
showed no complications or bacteremia but had involvement of prac- 
tically all its lung tissue.  A macrophage reaction was present in the 
two oldest lobe lesions of this animal (Table IV), the right lower and 
right middle (the latter was involved by the end of the first 24 hours). 
No pneumococci except intracellular fragments were seen in the right 
lower lobe which exhibited a  generalized and moderately developed 
macrophage response.  In the right middle lobe intact pneumococci 
were observed only in those regions in which macrophages were not 
present.  In the three other lobe lesions no macrophage reaction was 
observed, even in the right upper lobe which had been involved for 
4 to 5 days.  The lobes of the left lung became diseased within the last 
24 hours of the infection.  In these latter three lesions,  many pneu- 
mococci were present both  intra-  and extracellular.  On  the other 
hand,  dog 58S  dying with  a  bilateral  empyema and  overwhelming 
bacteremia showed a marked macrophage reaction throughout both 
the  involved lobes  which were in  a  state  of  advanced resolution. 
Pneumococci had practically disappeared from the lesions. 
The autopsy findings on the 50 dogs listed in Tables III and IV can 
be briefly summarized as follows: 
The pulmonary lesions of dogs dying in less than 30 hours were characterized by a 
diffuse irregular  inflammatory process consisting of edema and polymorphonuclear O.  If.  ROBERTSON  AND  CLAYTON  G.  LOOSLI  591 
infiltration with great numbers of pneumococci, mostly extraceUular.  No evidence 
of a macrophage reaction was detected in lesions younger than about 36 hours. 
At this stage there appeared in some of the animals a very slight focal beginning 
macrophage response.  After 40 hours this reaction was observed to be present in 
some part of the lung lesions in all but one of the 32 animals studied.  With few 
exceptions  the reaction became more pronounced and widespread  with the in- 
creasing age of the lesion.  After the 4th day many of the lobe lesions showed a 
well developed macrophage response with resolution and diminution in numbers or 
apparent complete disappearance of pneumococci.  Such a reaction occurred in 
the presence of marked bacteremia or empyema or both.  In some of these ani- 
mals all the lung lesions appeared to be completely freed of microorganisms except 
for intracellular fragments.  The presence  of bacteremia of course makes it im- 
possible to determine whether or not viable pneumococci are still present in such 
lungs.  The three animals  in which the blood remained sterile showed much less 
response  of the macrophages,  but many more pneumococci  were present in the 
lesions than was the case of dogs with clearing lungs in the presence of bacteremia. 
DISCUSSION 
In view of the fact that the macrophage reaction occurs in fatal as 
well  as non-fatal infections what  significance can we  attach  to  this 
response of the lung tissue  in  experimental lobar  pneumoniaP  The 
one constant finding throughout the whole study was the  associated 
diminution  or  disappearance  of  pneumococci  with  the  increasing 
concentration of macrophages in the lesion.  This would indicate that 
the lung possesses great innate powers of recovery.  Given a sufficient 
length of life the lung seems to be able to free itself largely or even 
completely of the invading pneumococci despite their persistence in 
the blood stream.  A  second equally clear inference from this study 
is that the macrophage reaction constitutes only a part of the mecha- 
nism of recovery.  Control of the local pulmonary infection does not 
necessarily lead to recovery since the animal may die of a generalized 
infection with or without complications.  On the other hand failure 
of the macrophage reaction to occur results in the persistence of large 
numbers of pneumococci in the pulmonary lesions and eventual death 
even though the infection remains localized in the lungs,  a  condition 
observed in three of the 23 animals surviving 3 or more days.  Infec- 
tions which eventuated in recovery were always characterized by the 
absence of or a  transient, limited bacteremia and the occurrence of a 
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These data suggest that recovery depends on a  dual mechanism. 
First,  a  generalized process which acts to localize the infection and 
prevent or control invasion of the blood stream and, second, a local 
one by which the lesion is finally freed from the invading microorgan- 
isms.  That the general process may be adequate to deal effectively 
with certain infections if they can be  brought under control early 
seems evident from the histological and bacteriological findings in the 
lesions of dogs with a very brief disease course.  In such instances the 
macrophage reaction is usually in its beginning stages and often focal, 
yet the pneumococci have disappeared. 
Concerning the nature of these two aspects of the recovery mecha- 
nism our information is by no means complete.  It may be presumed 
that the generalized process consists in part,  at least,  of the pneu- 
mococcidal power of the blood, since animals exhibiting this property 
to a high degree are the most resistant to pneumococcus  infection and 
disappearance  of  the  pneumococcidal-promoting properties  of  the 
serum during the course of experimental pneumococcus infection is 
accompanied by bacteremia (7).  However, certain observations both 
in experimental animals and human beings suggest that the control of 
bacteremia may depend on the operation of other factors as well.  It 
was found by TerreU (7) and more recently corroborated by ourselves 
that in the occasional dog with experimental pneumonia, bacteremia 
occurs despite the persistence of pneumococcidal-promoting  properties 
of the blood serum.  This may mean that under such conditions there 
is a marked depression of the antipneumococcal activity of the leuco- 
cytes and other phagocyting cells of the body.  Until further data 
are available this possibility cannot be excluded.  It seems unlikely 
that  there is a  lack of union between antigen and antibody,  since 
serum from dogs exhibiting this state when mixed with normal leuco- 
cytes in vitro is capable of causing the destruction of large numbers of 
the same strain of pneumococci.  The studies of Sufliff and Rhoades 
(8) on the pneumococcus-killing  power of the blood of patients showing 
bacteremia during the course of lobar pneumonia contribute important 
information on this subject.  They found that the whole blood con- 
taining a moderate number of pneumococci often sterilized itself after 
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be of importance.  They found, furthermore, that such defibrinated 
blood  was  capable  of killing large  numbers of  added  homologous 
pneumococci.  These observations do not seem to be explainable on 
the basis of depressed  activity of the circulating leucocytes.  3 
Whether the findings in human beings are entirely comparable to 
those in dogs with the experimental disease is not clear.  In all the 
animals and human beings studied thus  far,  disappearance of the 
pneumococcidai-promoting  properties of the serum has been accompa- 
nied by the appearance of pneumococci in the blood.  On the other 
hand we have not infrequently found in patients an absence both of 
natural antipneumococcai immune substances and  bacteremia  early 
in the course of the disease and persisting until the time of recovery, a 
condition not observed in the experimental animal.  These findings 
serve to indicate the complexity of the mechanism which controls the 
localization of the pneumococci in the pulmonary lesion. 
Likewise,  the  means  by  which  the  local  process--macrophage 
reaction--brings about the destruction of the invading microorganisms 
has not been completely elucidated.  Our observations indicate that 
the fully developed free macrophages are  capable of engulfing and 
digesting large  numbers of pneumococci, but  whether or not  this 
action takes place  under the influence of newly produced immune 
bodies we do not know.  Suggesting the possibility of some other 
action of the macrophages is the not infrequent histological finding of 
diminishing  numbers of pneumococci  in areas of beginning macrophage 
reaction when these cells are still largely attached to the alveolar walls 
and are not detectably phagocytic. 
The question of the r61e played by the known acquired antipneumo- 
coccai immune substances in the mechanism of recovery has not been 
included in this discussion which deals primarily with the experimental 
disease, because these substances are found so seldom in the recovering 
dog.  When immune bodies do appear their occurrence is subsequent 
to the development of the pulmonary macrophage reaction, as illus- 
a Several recent observations in this laboratory indicate that the leucocytes  of 
dogs with marked bacteremia are as active in the phagocytosis and digestion of 
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trated by  dog 91N  (Table  I).  This suggests the possibility of an 
excess local production in sufficient concentration to be detectable in 
the circulating blood. 
SUMMARY 
A study has been made of the occurrence of the macrophage reaction 
in the pulmonary lesions of dogs sacrificed during the course of experi- 
mentally induced pneumococcus  lobar pneumonia or dying as a result 
of the infection.  This characteristic transformation of the fixed tissue 
cells of the lung was found as a constant accompaniment of recovery. 
It was also present in varying degrees in the great majority of fatal 
instances provided the animal lived more than 40 hours.  In general 
the longer the animal survived, the more pronounced the macrophage 
reaction observed in the lung lesions at  autopsy.  The numbers of 
pneumococci  in the lesions diminished  progressively with the evolution 
of the cellular change which terminated in resolution of the pneumonic 
exudate.  Some dogs surviving for 4 days or more showed practically 
complete clearing of the pulmonary lesions but succumbed with an 
overwhelming bacteremia or empyema or both.  On the other hand, 
several animals dying with a sterile blood, exhibited lesions character- 
ized by little or no macrophage response and the presence of many 
pneumococci.  These  findings  suggest  that  recovery  from  experi- 
mental lobar pneumonia in the dog depends on a dual mechanism con- 
sisting of a generalized process which prevents or controls invasion of 
the blood stream and a local one by which the lesion is finally freed 
from the invading microorganisms.  The nature of these two processes 
is discussed. 
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EXPLANATION  OF PLATE 23 
The tissues were fixed ~mmediately after the animals were sacrificed.  The aorta 
was clamped and the lungs filled with Zenker-formol solution injected by way of 
the trachea.  Specimens  were embedded in collodion,  sectioned and stained by 
Maximow's hematoxylin-eosin-azure II method.  The  relative  sparsity of  the 
cellular exudate is to be accounted for by the method of fixation. 
FIG. 1.  Dog 65R (Table II) killed at 65 hours after the inception of the disease. 
The area of the right upper lobe lesion shows a beginning macrophage reaction, 
designated as +, irregular thickening of the alveolar walls due to the presence of 
large  mononudear  cells,  certain  of  which  protrude  into  the  air  spaces.  The 
cellular exudate is composed almost entirely of polymorphonuclear leucocytes. 
×  750. 
FtG. 2.  Dog 65R.  Another area of the right upper lobe lesion which shows a 
moderately advanced  macrophage reaction,  termed  + +.  Many of the  large 
mononudear septal cells have left the alveolar walls and are present in the exuclate 
as typical macrophages.  Other sm~ller  mononuclear cells are also seen in the 
alveolar spaces.  ×  750. 
FIG. 3.  Dog 91N (Table I) killed 24 hours after recovery.  Right lower lobe 
lesion  shows a  pronounced macrophage reaction,  + + +, which  is characterized 
by the predominance of large macrophages in the exudate.  Several are seen to be 
still attached to the alveolar wall.  X 750. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 67  PLATE 23 
(Robertson  and  Loosli:  Macrophage reaction  in  pneumococcus pneumonia) 